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SUMMARY 

An investigation has been conducted i n  the  Langley hotshot tunnel t o  deter- 
mine the e f fec ts  of support interference on the  base pressure of a hemisphere 
cylinder with a r a t i o  of length t o  base diameter of 1. 
serving as  the  indication of support-interference e f fec ts ,  the  parameters s t ing  
length, s t ing diameter, and shroud semiapex angle were examined. The invest i -  
gation w a s  performed a t  a free-stream Mach number of approximately 20 over a 
range of  free-stream Reynolds numbers per foot from 3.00 x 105 t o  4.65 x 105 
a t  zero angle of attack. 

With base pressure 

With a shroud having a semiapex angle of 300 and diameter of 0.834 model 
base diameter, the  base pressure coefficient w a s  independent of ra t ios  of s t ing  
length t o  model base diameter greater  than 2. When a shroud of the  same diam- 
e te r ,  but having a goo semiapex angle, w a s  employed, t he  base pressure coeffi-  
c ient  w a s  independent of r a t io s  of s t ing  length t o  model base diameter greater 
than 3. 
ined (0.2’30 t o  0.625), no s ignif icant  var ia t ion of t he  base pressure coefficient 
was observed. Base pressure measurements made a t  rad ia l  s ta t ions 0.375 and 
O.27lmodel base diameters from the  model axis of revolution showed tha t  no 
s ignif icant  rad ia l  pressure gradient existed between the  rad ia l  s ta t ions exam- 
ined. For a l l  support parameters investigated, no e f fec t  on the  model surface 
pressure immediately ahead of the base was noted. 

For the  range of r a t io s  of s t ing  diameter t o  model base diameter exam- 

With sting-length effects  minimized i n  the  present investigation, the  base 
pressure of the  hemisphere cylinder w a s  approximately three times the  free- 
stream s t a t i c  pressure; thus the  base pressure coefficient based on free-stream 
conditions w a s  posit ive.  This r e su l t  i s  a departure from resu l t s  obtained i n  
the  supersonic regime; however, by u t i l i z ing  the  afterbody Mach number and 
Reynolds number a t  t he  outer edge of the  boundary layer  j u s t  ahead of t he  model 
base as comparison parameters and redefining the  base pressure coefficient as a 
function of base and afterbody flow conditions, the  base pressure coeff ic ients  
obtained i n  the present investigation were brought in to  fa i r  agreement with 
those of an investigation on base pressure conducted i n  the  supersonic regime. 
Fair  agreement w a s  a lso obtained between the  sting-length e f fec ts  of t h i s  inves- 
t iga t ion  and those of t he  previously mentioned supersonic investigation f o r  
which similar afterbody Mach number and Reynolds number existed immediately 
ahead of the  model bases. 



INTRODUCTION 

In wind-tunnel investigations involving the measurement of model aerody- 
namic characteristics which are influenced by support geometry (e. g., base 
pressure and force studies), it is of considerable importance to minimize the 
effects of model support interference. Previous studies of support interference 
have demonstrated that even relatively small stings have some influence on the 
base pressure. For instance, as illustrated in reference 1, the base pressure 
of a sting-supported cone-cylinder model having a ratio of sting diameter to 
model base diameter of 0.4 was approximately 30 percent greater than the base 
pressure of the same model when magnetically suspended for a free-stream Mach 
number of approximately 7.6. Although many investigations of support interfer- 
ence have been made in the subsonic, transonic, and supersonic regimes (refs. 2 
to lo), little research has been done in the hypersonic regiae. Because of the 
scarcity of information on support interference in the hypersonic regime, an 
investigation was performed in the Langley hotshot tunnel to determine the 
effects of support interference on the base pressure of a blunt body of 
revolution. 

With base pressure serving as the indication of support-interference 
effects, the parameters sting length, sting diameter, and shroud semiapex 
angle were examined. Data were obtained for four stings having ratios of 
sting diameter to model base diameter of 0.250, 0.375, 0.500, and 0.625 and 
ratios of sting length to model base diameter ranging from 1 to 8. The influ- 
ence of shroud semiapex angle on critical sting length was observed for shroud 
angles of 30' and 90'. To gain an insight to the flow in the base region, the 
surface pressure distribution along the sting was measured. The tests were 
performed at a free-stream Mach number of approximately 20 over a range of 
free-stream Reynolds numbers per foot from 3.00 x 105 to 4.65 x 105. 

SYMBOLS 

cP 

d 

D 

f 

2 

L 

P - Pa 
s, 

pressure coefficient, 

sting diameter 

model base diameter 

fineness ratio (ratio of model length to model base diameter) 

sting length 

ratio of critical sting length to model base diameter 

model length 
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M Mach number 

P pressure 

9 dynamic pressure 

Paua R a  afterbody Reynolds number per foot,  - 
Pa 

PaUaL 
~ 

Pa 
afterbody Reynolds number based on model length, 

PwUm 
free-stream Reynolds number per foot,  - 

cbo 

PmUmL free-stream Reynolds number based on model length, - 
cbo 

t elapsed tunnel run time 

T temp era t u r  e 

U velocity 

X distance along s t ing  

a angle of a t tack  

P wake angle 

6 boundary-layer thickness 

CI. coefficient of viscosi ty  

P density 

e shroud semiapex angle 

Subscripts : 

a conditions on model afterbody (immediately ahead 

b conditions on model base 

t , l  arc  chamber conditions following arc  discharge 

t , 2  stagnation conditions behind normal shock 

m free-stream conditions 

of model base) 
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FACILITY AND APPARATUS 

Fac i l i t y  and Tests 

The Langley hotshot tunnel i s  a hypervelocity, arc-heated, blowdown wind 
tunnel. A s  shown i n  f igure 1, the  major components of t h i s  f a c i l i t y  include a 
capacitor bank, an a rc  chamber, a loo conical nozzle, a 24-inch cyl indrical  
test section, a loo cone-cylinder diffuser ,  and a vacuum reservoir.  A more 
detai led description of t h i s  f a c i l i t y  i s  presented i n  reference 11. 

I n  the present investigation, with dry nitrogen a s  the test  gas, the tun- 
ne l  w a s  operated a t  a free-stream Mach number of approximately 20 over a range 
of free-stream Reynolds numbers per foot from 3.00 X 105 t o  4.65 x 105 which was 
assumed t o  r e s u l t  i n  laminar flow. Test-section p i t o t  pressure and stagnation 
temperature were approximately 1 p s i  and 3000° K, respectively. 

Model 

The model used i n  t h i s  investigation was a 3-inch-diameter hemisphere 
cylinder with a fineness r a t i o  of 1. A s  shown i n  f igure 2, a single pressure 
o r i f i c e  was located a t  the model nose fo r  the measurement of stagnation pres- 
sure behind the  normal shock. Two pressure o r i f i ce s  were located on the  cylin- 
d r i ca l  afterbody t o  measure the surface pressure immediately ahead of the model 
base. For the  purpose of measuring base pressure, the detachable model base 
was equipped with four pressure o r i f i ce s  located on a 1--inch-radius c i r c l e  

spaced 900 apart .  
d i s t r ibu t ion  across the  base, two pressure o r i f i ce s  were positioned on a 
13/16-inch-radius c i r c l e  spaced 180° apart .  

1 
8 

I n  order t o  examine the poss ib i l i t y  of a r ad ia l  pressure 

Model Support System 

The model and support system used i n  the present investigation a r e  shown 
i n  f igure 3 along with a tabulation of the support variables.  
of 1 t o  8 was obtained by posit ioning the movable shroud t o  the desired loca- 
t i on .  d/D = 0.250, 0.375, 0.500, and 
0.625 ( f i g .  4) .  Each s t i n g  was tes ted  with a shroud of 90' semiapex angle and 

2- -inch diameter. The s t ing  with d/D = 0.375 was a l so  tes ted  with a shroud 

of 30° semiapex angle and 2--inch diameter. 

with d/D = 0.500 

A range of 2/D 

Four 24-inch s t ings  were u t i l i z e d  with 

1 
2 

1 
2 

The 15O shroud shown on the s t i ng  

i n  f igure 4 was not employed i n  the present investigation. 

Instrumentation 

The short  running t i m e  of the tunnel (approximately 0.1 second) and low 
base pressures t o  be measured (0.001 t o  0.006 p s i )  required pressure transducers 
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with very short  response t i m e s ,  high sens i t iv i ty ,  and a minimum of o r i f i c e  tube 
length. This i n  turn required a miniaturized pressure transducer t h a t  could be 
mounted within the  model. A double-coil, single-diaphragm variable-reluctance 
pressure transducer (see ref. 12 f o r  theory of operation) was employed i n  the  
present investigation. Geometric d e t a i l s  of t h i s  transducer a r e  shown i n  
f igure 5(a). 

I n  order t o  ca l ibra te  the  base pressure transducers while i n s t a l l ed  i n  the  

This procedure allowed the  reference pressure t o  
model, the transducers were referenced t o  an external vacuum source by a mani- 
fo ld  housed within the  model. 
be maintained a t  a constant leve l  during the cal ibrat ion.  A typ ica l  cal ibra-  
t i on  curve a s  shown i n  f igure 5(b) was obtained by evacuating the  tunnel and 
the  reference manifold t o  approximately 0.0002 ps i .  The reference pressure 
being held constant, the  pressure on the  sensing s ide of t he  transducer was 
varied i n  desired increments with a tunnel bleed valve. 
the  instrumentation of t h e  model base and s t i n g  with the la rges t  diameter. 
Although not shown, the  transducers were wrapped i n  rubber t o  reduce mechanical 
vibrations during tunnel f i r i ng .  

Figure 6 i l l u s t r a t e s  

The i n i t i a l  charge pressure i n  the a rc  chamber was measured with a Bourdon 
type gage and upon arc  discharge the chamber stagnation pressure was measured 
by two high-response strain-gage transducers. The model stagnation pressure 
behind the  normal shock and afterbody surface pressure were measured with wafer- 
s t y l e  variable reluctance transducers s imilar  t o  those employed i n  measuring 
base pressure but having higher response time, lower sens i t iv i ty ,  and smaller 
s ize .  (See refs. 12 and 13 . )  The transducers operating on the  variable- 
reluctance pr inciple  were excited by 5-volt 20-kflocycle ca r r i e r  amplifiers.  
The output signals from these amplifiers drove galvanometers i n  a light-beam 
type of oscillograph having a var ie ty  of chart  speeds. 

DATA RFaTCTION AND ACCURACY 

Data Reduction 

A typ ica l  oscillograph record i l l u s t r a t i n g  base, afterbody, p i t o t ,  and 
arc-chamber pressure t races  i s  shown i n  f igure 7. This record demonstrates the 
f a s t  response of the  gages, the  low osc i l la tory  l eve l  of the t races ,  the short  
s t a r t i n g  t rans ien t  time of the tunnel, and the re la t ive ly  long usable running 
t i m e .  The net deflections i n  inches were read from the  oscillograph t races  a t  
10-millisecond in te rva ls  and then reduced t o  pressures using the  respective 
cal ibrat ion curves. 

With the  use of the arc-chamber conditions following arc  discharge and the  
p i t o t  pressure measured i n  the  test section, tes t -sect ion thermodynamic and 
aerodynamic properties were calculated by using the  data-reduction program a s  
presented i n  reference 14. 
represent the  average measurement from the  four o r i f i ce s  on the  1L - inch-radius 
c i r c l e  shown i n  f igure 2. 

Base pressures used i n  the present investigation 

8 

5 
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Accuracy 

Uncertainties involved i n  the  instrumentation, readabi l i ty  of oscillograph 
records, and repea tab i l i ty  of test conditions caused maximum probable inaccura- 
c i e s  i n  the  present data a s  follows: 

pa, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e . 0  
pb, p e r c e n t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kl5.0 
p,, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53.0 

L, p e r c e n t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23.0 

RESULTS AND DISCUSSION 

Effect of Sting Length 

Ratios of s t i n g  length t o  model base diameter ranging from 1 t o  8 were 
investigated a t  a free-stream Reynolds number per foot of 3.00 x 103 and a 
r a t i o  of s t i ng  diameter t o  model base diameter of 0.373. 
length on t h e  base pressure coeff ic ient  of the  hemisphere cylinder model i s  
shown i n  f igure 8(a) .  
pressure coeff ic ient  w a s  independent of s t i ng  length fo r  The 900 
semiapex angle shroud was employed i n  order t o  obtain the  maximum c r i t i c a l  
s t i ng  length ( c r i t i c a l  s t i ng  length w a s  defined a s  the s t i ng  length below 
which the base pressure increased with a fur ther  decrease i n  s t i ng  length, a s  
shown i n  f i g .  8 (a )  by the sudden increase of the base pressure coeff ic ient) .  

a l l  2 /D values examined, even when subcr i t ica l .  

The e f fec t  of s t i ng  

With the present shroud of 90° semiapex angle, the base 
2/D > 3. 

Figure 8(b)  shows the  afterbody pressure coeff ic ient  t o  be independent of 

Effect of Shroud Angle on C r i t i c a l  Sting Length 

The e f f ec t  of s t i ng  length on the base pressure coeff ic ient  of the  hemi- 

Both 
sphere cylinder model w a s  a l so  examined with a 30° semiapex angle shroud having 
the same diameter a s  the goo shroud discussed i n  the  preceding section. 
shrouds were t e s t ed  a t  a free-stream Reynolds number per foot of 3.00 x 105 and 
d/D = 0.375. 

A s  previously noted, the base pressure coeff ic ient  was independent of 

Figure 8 (a )  shows t h a t  f o r  the  shroud of 30° semiapex 
s t ing  lengths greater  than 3 base diameters when t h e  shroud of 90° semiapex 
angle was employed. 
angle, the  base pressure coefficient was independent of s t i ng  lengths greater  
than 2 base diameters. 
a r e  insuf f ic ien t  t o  appraise completely the var ia t ion of c r i t i c a l  s t i ng  length 
with change i n  shroud angle, the r e su l t s  i l l u s t r a t e  the need t o  consider such 
var ia t ion i n  the  design of a support system f o r  m i n i m  interference.  

Although t e s t s  involving only 2 d i f fe ren t  shroud angles 
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Effect of Reynolds Number on Critical Sting Length 

There is an absence of published data concerning support interference for 

Thus a comparison of the present data with results obtained in the 
the range of free-stream Reynolds numbers experienced in the present investi- 
gation. 
supersonic regime using free-stream Reynolds number as the correlation param- 
eter was not possible. 

Base pressure investigations in the supersonic regime, including support 
interference, were performed by Kavanau in the laminar flow regime (ref. 2) and 
the transitional flow regime (ref. 3) over ranges of free-stream Reynolds num- 
bers per foot from 1.88 x 103 to 4.44 X lo4 and 9.36 x 105 to 2.46 x 10 6 , 
respectively. Results from these studies taken directly from the respective 
references are shown in figure 9(a) in which a ratio of critical sting length 
to model base diameter is plotted as a function of free-stream Reynolds number 
based on model length. 
and the present investigation are illustrated in the sketches of figure 9. 
Data points representing the critical sting length obtained in the present 
investigation for the 30° and goo semiapex angle shrouds are also shown in fig- 

The models and sting configurations utilized by Kavanau 

ure 9(4. 
A s  discussed in reference 15, when the reference Reynolds number is based 

on free-stream properties, the results can be especially misleading when blunt 
bodies are involved. Therefore, in order to compare the data of the present 
investigation with that of Kavanau, the flow properties at the outer edge of 
the boundary layer immediately ahead of the model base were examined for both 
investigations. 

A surface pressure distribution on the 0.6-inch-diameter cone-cylinder 
model employed in reference 2 showed the afterbody surface pressure at 3.32 
base diameters downstream of the model nose to be 0.755 free-stream pressure 
at a free-stream Mach number of 2.20. Calculations based on the ratio of this 
afterbody surface pressure to the stagnation pressure behind the shock, isen- 
tropic flow and perfect fluid relationships being assumed (ref. 16), gave an 
afterbody Mach number of 2.04. 
the boundary layer was calculated to be approximately free-stream temperature 
(Ta/T, = 1.075). 
free-stream unit Reynolds number existed at the outer edge of the boundary 
layer just ahead of the base of the models utilized in reference 2. 

The afterbody temperature at the outer edge of 

Thus approximately, free-stream Mach number and three-fourths 

With the afterbody surface pressure of the hemisphere cylinder employed 
in the present investigation and the measured pitot pressure, the afterbody 
flow conditions were determined. 
afterbody Reynolds number based on model length fell into the range of after- 
body flow conditions experienced by Kavanau in reference 2 as shown in fig- 
ure g(b). 

The afterbody Mach number (Ma = 3.05) and the 

The data of figure 9(b) demonstrate an improved correlation from that 
shown in figure g(a) between the present investigation and that of reference 2. 
The validity of such a correlation is supported by reference 17. 
Reynolds number on conditions at the outer edge of the boundary layer 

Basing the 
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immediately ahead of the model base helps to indicate the flow condition just 
before separation to form the wake. 
boundary layer of the cone-cylinder model in reference 2 was near adiabatic 
wall conditions whereas the boundary layer of the hemisphere-cylinder model 
used in the present investigation was being cooled by the model. Since the 
flow over the model base is a function of boundary-layer conditions, perfect 
agreement between the two investigations would not be expected. Another fac- 
tor concerning the agreement of the present data with that of reference 2 is 
that Kavanau found the shroud diameter to have an appreciable effect on criti- 
cal sting length at low Reynolds number. In reference 2, Kavanau employed a 
shroud diameter of 2.1 model base diameters whereas the shroud used in the 
present investigation was 0.834 model base diameter. 
ical sting length to be dependent upon 
the base pressure coefficient in the present investigation and reference 2 
will be discussed in a following section. 

However, it should be noted that the 

Kavanau also found crit- 
The effects of sting diameter on d/D. 

From figure 9(b) a corresponding plot of the ratio of critical sting 
length to model base diameter as a function of unit Reynolds number based on 
afterbody flow conditions was obtained and is shown in figure 9(c). 
ent data is observed to fall in the approximate region where a curve repre- 
senting an interpolation of the = 2.10 and & = 4.00 data of reference 2, 
for & NY 3.05, would be expected. 
rically identical models of different scaling of reference 2, tested at the same 
free-stream conditions, illustrate the influence of boundary layer on sting- 
length effects. A s  mentioned previously, the differences of boundary-layer 
conditions just upstream of the base for the present investigation and refer- 
ence 2 would imply that the agreement shown by figure 9(c) is coincidental. 

The pres- 

Individual curves obtained for the geomet- 

Ef f e ct of Sting Diameter 

The results of the sting-diameter tests which were performed at a free- 
stream Reynolds number per foot of 4.11 x 105, a sting length of 3 base diam- 
eters, and a shroud semiapex angle of 900 are presented in figure 10. 
ure lO(a) shows no significant variation in the base pressure coefficient over 
the d/D range (0.250 to 0.625) examined. Kavanau (ref. 2) observed a linear 
increase in base pressure with increasing sting diameter, the base pressure 
being approximately 25 percent greater for the maximum d/D value examined 
( 0 . 5 )  when compared with the minimum ratio examined (0.07). 

Fig- 

The afterbody pressure coefficient was not influenced by variation in 
sting diameter as demonstrated by figure 10(b). 
measured when the sting diameter of 0.250 base diameter was utilized because 
of the lack of sting cross-sectional area for instrumentation leads. 

Afterbody pressures were not 

Pressure Distribution Across Model Base 

Base pressure measurements were made at radial stations 0.375 and 0.271 
model base diameters from the model axis. From figure 11 it can be observed 
that no significant radial pressure gradient existed between the radial 



stations examined. The findings of reference 2 showed the base pressure at a 
radial station of 0.271 base diameter to be 1.3 times the base pressure at a 
radial station of 0.375 base diameter for a wire-supported model tested at 
MO, = 3.9.  

Model and Sting Surface Pressure Distribution 

Because of the low density of the base flow, attempts to observe the wake 
with a single-pass schlieren system proved unsuccessful. To gain an insight 
to the flow over the model base, a pressure distribution on the afterbody and 
along the sting surface was obtained as shown in figure 12. This investiga- 
tion was conducted at a free-stream Reynolds number per foot of 4.65 x 105, 
d/D = 0.625, 2 / D  = 3 ,  and 8 = goo. 

As shown in figure 12, the afterbody pressure just ahead of the model base 
was observed to be approximately 5 times the base pressure. 
investigation of the effect of sting length, the afterbody pressure was always 
greater than the base pressure even for subcritical sting lengths. 
illustrates that the afterbody pressure just ahead of the model base was inde- 
pendent of all 2/D values examined. 

In the present 

Figure 8(b) 

At 0.167 base diameter downstream of the base, the pressure measured on 
the sting surface is approximately equal to the base pressure. However, at 
0.66 base diameter, the static pressure increases to approximately 3 times 
the base pressure. Thus the conical expansion about the model base creates a 
cavity region of low-energy flow characterized at the downstream end by a 
recompression region caused by the convergence of the wake. (See fig. 12.) 
This recompression region, which occws in the vicinity of the narrowest por- 
tion of the wake, is usually denoted as the "critical region" or "throat" 
(refs. 2, 4, and 5). In order to approximate the region of flow reattachment 
to the sting, a Prandtl-Meyer expansion to the pressure measured 0.167 base 
diameter downstream of the base was performed. 
wake angle p 
eter downstream of the base. Although scarcity of sting-surface pressure 
measurements between the model base and 1.0 base diameter downstream of the 
base prohibited the accurate determination of the sting station of maximum 
pressure because of flow reattachment, the qualitative agreement between the 
calculated Prandtl-Meyer expansion and the pressure measured at 0.66 base diam- 
eter downstream of the base serves to approximate the region of flow reattach- 
ment to the sting. 

This calculation yielded a 
of approximately l7O and a reattachment point at 0.60 base diam- 

Downstream of the region of flow reattachment to the sting, the sting sur- 
face pressure is observed to decay linearly toward the free-stream static pres- 
sure. (See dashed line of fig. 12.) However, beyond 2.33 base diameters the 
sting surface pressure increases sharply. This pressure rise is associated 
with the flow separation about the shroud. A s  shown by the dashed line of 
figure 12, an axial variation in free-stream static pressure exists but is of 
such magnitude that the effects associated with this variation are essentially 
negligible. 
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According to the theory of Crocco and Lees, disturbances downstream of 
the throat are unable to affect the flow upstream (refs. 2, 4, and 3) .  How- 
ever, Whitfield (refs. 4 and 5 )  showed that for the transitional wake case the 
throat does not represent the limit of approach of a shroud to the model base 
without interference. The data of Whitfield indicated that the 20° semiapex 
angle shroud having a ratio of shroud diameter to model base diameter of 2.0 
should be positioned 1.0 to 1.3 base diameters downstream of the throat to 
eliminate sting-length effects. Reference 6 states, for the turbulent case, 
that a shroud having a semiapex angle no greater than 20° should be stationed 
approximately 0.85 base diameter downstream of the throat. From figure lO(a) 
the wake angle of the hemisphere cylinder employed in the present investigation 
was assumed to be essentially constant for variation in sting diameter. Thus 
the results of the present investigation, in which laminar flow is assumed, 
show that a 30° semiapex angle shroud having a diameter approximately that of 
the model should be positioned 1 base diameter downstream of the throat to elim- 
inate sting-length effects. 

Base Pressure 

In the present investigation, the base pressure was observed to be approx- 
imately 3 times the free-stream static pressure (fig. 12). This results in a 
positive base pressure coefficient which is a departure from results obtained 
in base pressure and support interference studies in the supersonic and low 
hypersonic regimes (refs. 1 to 10). Reference 1 shows the base pressure of a 
sting-supported cone-cylinder model having d/D = 0.4 to be approximately 
30 percent greater than the base pressure experienced by the same model when 
magnetically suspended for M, x 7.6 and laminar boundary layer. The magnitude 
of this increase in base pressure due to a sting (ref. 1) and the trend indi- 
cated in figure 1O(a) of the present investigation imply that the base pressure 
of the present hemisphere-cylinder model for the present free-stream flow con- 
ditions would be greater than free-stream static pressure if tested under free 
flight. 
(ref. 18) that at high hypersonic Mach numbers the pressure on the base of a 
blunt body is greater than the free-stream static pressure. 

This is in accordance with the prediction of Ferri and Pallone 

If the ratio of base pressure to free-stream static pressure from the 
present investigation is plotted as a function of free-stream Reynolds number 
based on model length and compared with results of reference 2, results similar 
to those shown in figure g(a) would occur. However, by utilizing the afterbody 
Mach number and Reynolds number at the outer edge of the boundary layer just 
ahead of the model base as comparison parameters and redefining the base pres- 
sure coefficient as a function of base and afterbody flow conditions, the dis- 
crepancy between the pressure coefficients obtained in the present investigation 
and those of reference 2 was decreased. This effect is demonstrated in fig- 
ure l3(a) where the ratio of base pressure to afterbody surface pressure just 
ahead of the model base is plotted as a function of afterbody Reynolds number 
based on model length. Justification for the comparison of data of reference 2 
with the present data on the basis of afterbody conditions was discussed previ- 
ously. 
boundary-layer conditions experienced by the models of the respective 
i nve s t i gat i on s . 

Again, perfect agreement is not expected because of the differences of 
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Figure l3(b), where the ratio of base pressure to afterbody surface pres- 
sure just ahead of the model base is plotted as a function of unit Reynolds 
number based on afterbody flow conditions, shows good agreement between the 
present data and Kavanau's data for the 0.3-inch-diameter model. This agree- 
ment, supported by figure s(~), would seem to imply that if the base pressure 
coefficient is defined as a function of base and afterbody flow conditions and 
afterbody unit Reynolds number and Mach number are used as correlation param- 
eters, a correlation of base pressure data obtained in the supersonic regime 
would be possible with data obtained in the hypersonic regime. However, 
because of the differences in boundary-layer conditions, coincidental agreement 
is suspected and therefore more data must be obtained on this matter to Val- 
idate such a comparison. 

CONCLUSIONS 

An investigation of support interference on the base pressure of a hemi- 
sphere cylinder with variation in sting length, sting diameter, and shroud 
semiapex angle (constant shroud diameter of 0.834 model base diameter) at a 
free-stream Mach number of approximately 20 over a range of free-stream 
Reynolds numbers per foot from 3.00 x 105 to 4.65 x lo5 at zero angle of attack 
led to the following conclusions: 

1. For a shroud semiapex angle of 90°, the base pressure coefficient was 
independent of ratios of sting length to model base diameter greater than 3 ,  
but may be reducedto 2 for a 30° semiapex angle shroud. 

2. Variation in ratios of sting diameter to model base diameter from 
0.250 to 0.625 had no significant influence on the base pressure coefficient. 

3 .  Base pressure measurements at radial stations 0.375 and 0.271 model 
base diameters from the model axis of revolution showed that no significant 
radial pressure gradient existed between the radial stations examined. 

4. Pressures on the model surface immediately ahead of the base were inde- 
pendent of all support parameters examined. 

5. Fair agreement was obtained between the sting-length effects and ratios 
of base pressure to afterbody surface pressure of this investigation with a 
supersonic investigation for which similar Reynolds number and Mach number 
existed immediately ahead of the model base. 

6. Base pressure of the sting supported hemisphere-cylinder model of 
fineness ratio 1 was found to be approximately 3 times the free-stream static 
pressure, a departure from results obtained in the supersonic regime. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., December 2, 1964. 
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Figure 1.- Elevation of the  Langley hotshot tunnel. 
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Figure 2.- Model geometry i l l u s t r a t ing  the location of base and afterbody pressure or i f ices .  
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Figure 3.- Model support system used in the investigation of support interference. 
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Figure 4.- Various diameter st ings used i n  present investigation. 
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Figure 5.- Variable reluctance pressure transducer. 



Figure 6.- Model and instrumented model base and sting. L-63-10063.1 



Figure 7.- Typical oscillograph record obtained in the present investigation of support interference. 
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Figure 8.- Effect of sting length on pressure coefficients of hemisphere cylinder. 
& = 3.00 X 105 per foot, d/D = 0.375. 

21 



14 

12 

10 

8 

6 

4 

2 

0 
11 

Mcc 
M, 

M, 

Ma 4 2.10 
Ma 44.00 

1- - -1 

Models of references 

= 20 

2 and 

.- 

... - 

3 

Present data, M, = 20 

9 =  30' 

0 e =  goo 

Ref. 2 
= 2.10 

Ref. 2 
M, = 4.00 

f = 3.37 
d _ _  - 0.167 

e = 30° 

D = 0.3 in., 0.6 in. 

f = 1  

$ = 0.375 

D = 3 i n .  

I .- . I . !- ____ 
lo3 lo4 lo5 106 

Roo, L 

(a) Free-stream Reynolds number Lased on model length. 

Figure 9.- Effect of Reynolds number on c r i t i c a l  s t i n g  length. 
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Figure 10.- Effect of sting diameter on pressure coefficients of hemisphere cylinder model. 
%, = 4.11 x 105 per foot, 2/D = 3; 8 = wo. 
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Figure 11.- Pressure distribution over model base. 



Figure 12.- S t a t i c  pressure dis t r ibut ion ahead of base and along s t ing.  I?,.,, = 4.65 x lo5 per foot; d/D = 0.625; 
2/D = 3; 8 = 90°. 
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